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= BWR Overview
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Mechanisms

= The accidents
= Future Activities
= Conclusions
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Key Safety Systems also Modeled ©%-

Safety relief valves
= Cycle open and closed to limit RPV pressure

= Vent steam and decay energy into suppression pool
Isolation condensers (Unit 1)
= Rejects heat to water tanks

= Valves must be open and tanks must be refilled after ~8 hours
RCIC (Unit 2 and 3) and HPCI (Unit 3) turbine-driven water
injection into RPV

= Condensate storage tanks

= Recirculation of Torus water
= Turbine exhausts steam and decay heat into suppression pools
RHR system — moves heat from suppression pool to ocean

= Since RHR pumps were flooded, heat rejection to ocean was not
possible
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MELCOR Severe Accident Phenomena @&

Modeling and Analysis of
Severe Accidents in

a

phenomano understanding gained

and International research performed
TMI-2 accident In 1978
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Important Severe Accident Phenomena
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COMPONENT FAILURE MODELING
IN MELCOR
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Means of Vessel Depressurization @

Seizure of SRV from
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Rupture of main
steam line for
cycling SRV

SRV Seizure Versus MSL Rupture @,

SRV Seizure vents fission products

Main Steam Line Rupture vents

Fission products to drywell Into wetwell
Release to environment via head Wetwell scrubbing prevents release
To the environment

Flange failure or drywell liner melt through




The Accidents

Earthquake Led to Loss of Offsite B

B
Power
= Seismic events disrupted roads and power
lines

Regional blackout isolated Fukushima
station from power grid

= Reactors shut down

= Site operated by onsite diesel generators

Collapsed tower
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Daiichi Site was Inundated

B8 Entire facility of Fukushima Daiichi was flooded Dai
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= Site flooding initiated “Station Blackout” Used by permission from TEPCO
= Diesel generators flooded and fuel tanks swept away

= Unit 2 and 3 maintained “Emergency Core Cooling System”
* DCpower available

= Unit 1 also lost DC batteries
* blind to what was happening and No ECCS

= All reactors isolated from ultimate heat sink (Ocean)
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UNIT 1 ANALYSIS
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Initial Core Heatup and Degradation
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= Core damage starts at ~ 4 hours — Control Blade fails first
= Progressive fuel damage after 6 hours
= Core exit gas temperatures very high

High Gas Temperature Weakens B
Steam Line

Zr oxidation produces
hydrogen and high
gas temperature

Cycling SRV vents hot

gas through steam

line and into

suppression pool

= High RPV pressure
ruptures weakened
steam line

= TEPCO favors gasket

blowout theory
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Progressive Core Degradation
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Figure 33 MELCOR-predicted core damage state near time of lower head failure - note
some intact fuel assemblies remain in the core region.
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= MCCl
experiment

= Decay heat
liberates water
from concrete

= Metals (Zr and
steel) oxidize
and produce
H, and CO

= Exothermic
energy from

chemical
reactions
i
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Figure 44 MELCOR predicted containment pressure during the MCCI gas generation
phase up to the point of manual containment venting.
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Dry Well Head Flange Leakage @E.
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Unit 1 Results - Refueling Bay Vapor/Gas Molar [Fi)

Concentrations
+ Steam, H,, and CO enter the refueling bay via
the drywell head flange leakage (drywell head
lifts due to high containment pressure).
+ Persists for ~10 hours

+ O, cor as air is di

by steam H, and CO.

Wetwell is vented at ~24 hr; containment

pressure drops and drywell head reseats.
+  Water injection also stopped

Steam concentration decreases and O,

i as steam condenses and air ingress
commences

+ Well-mixed volume concentrations are slightly

( below the minimum H,/CO flammability limit
=

[r—

+ total of 900 kg vented into the refueling
bay, but only 100 to 200 kg resident at any

— given time.

Thermally buoyant plume of H,/steam rising to

= 3 ceiling not modeled

« Light gas (H,) stratification not modeled

me i)

Spent fuel
pool

= Between ~12 hours and ~23 hours, steam and hydrogen leaks from drywell
head flange and enters RB via shield plug seams

= Hydrogen, CO and steam rises to roof and spreads laterally

= Steam produced in MCCl and from emergency water injection

= Condensation in refueling bay depletes steam in hot layer and enriches
hydrogen

= Mixture displaces air from building

= Steam mole fraction exceeds 50% - inert conditions prevent combustion




Combustible Conditions Follow PCV Venting in 1F1 T

2
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= Ataround ~23 hours, steam and hydrogen leakage from PCV greatly reduced

= Water injection was stopped
= PCV was depressurized by operator venting action
= Continuing condensation without steam source....
= Reduces steam molar fraction to below 50% in refueling bay, and
= Produces partial vacuum that draws in outside air

= Airingress and steam condensation leads to conditions favoring combustion

= Hydrogen stratification produces flammable or detonable concentrations of
H,/0,

Damage from Explosions @i,

UNIT 2 ANALYSIS ONGOING




@ Mh
il
Lanilis,

UNIT 3 ANALYSIS
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RPV pressure response after HPCI stops operating
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Unit 3 Issues @E.

= Effectiveness of HPCl injection flow at minimum RPV
pressure

= Effectiveness of drywell/wetwell sprays
= Effectiveness of Torus room flooding

= Effectiveness of emergency low pressure injection
flow following RPV depressurization

= Did RPV depressurize by MSL failure or by ADS
actuation

Future Work @E.

= Ongoing baseline analyses of all three accidents
(NRC)

= Uncertainty quantification study (DOE)

= Provide information to help guide decommissioning
activities

= Provide information to help guide data and sample
gathering during the reactor decommissioning
activities

Conclusions e

» The MELCOR analyses produced accident sequences that
followed the general trends in the TEPCO data and observed
events

+ Analyses reveal important and often counter-intuitive effects

« Investment in MECOR technology over 30 years has produced a
powerful tool for accident characterization and safety
management

« Inform and optimize SAMG

+ Identify and quantify unwanted side effects of actions
« Inform and optimize hydrogen control

+ Examine multi-unit and operator effects

 Provide greater effectiveness of Op Center Response




